A novel, phosphate-binding exobiopolymer (EBP) produced by Acinetobacter haemolyticus MG606 was characterized and its biocompatibility evaluated in RAW 264.7 cells and in mice. EBP was identified as a 50 kDa heteropolysaccharide composed of pentose and hexose sugars. EBP exhibited cytotoxicity, stimulation of free radical production and loss of mitochondrial and lysosomal integrity in RAW 264.7 cells at 500 μg/mL concentration while lower concentrations exhibited no significant (p > 0.05) effect on these parameters. EBP exhibited dose-dependent mortality, body weight reduction, hypothermia and clinical signs of toxicity in mice following intraperitoneal administration.
INTRODUCTION
Bioremediation of anthropogenic pollutants using natural polymers has received immense interest over the past decades. Several polymers of microbial and plant origin have been recognized as potential bioremediants for adsorptive removal of heavy metals and organic contaminants (Nguyen et al. ; More et al. ) . However, in striking contrast to research on bioremediants for highly toxic compounds, bioremediation methods for inorganic anions are still in infancy (More et al. ) .
Phosphate is one of the most important anionic pollutants which has attracted attention in recent years.
Phosphate is generally present in small amounts in natural waters. However, its ever increasing agricultural usage coupled with escalating discharges from household and poultry wastes has resulted in augmentation of phosphate levels in freshwater bodies. The accumulation of phosphate in lakes and estuaries is a prerequisite for and a cause of algal blooms, culminating in eutrophication (Rockstrom et al. ; UNEP ) . Few reports exist on phosphate bioremediation using microbial exobiopolymers (EBP) and plant-derived polymers (Yang et al. ; Riahi et al. ) .
However, the practical applicability of these biopolymers is compromised by two important constraints: first, phosphate-binding capacity of these polymers is in the range of 2-10 mg phosphate/g polymer which is too low for commercially viable applications. The low adsorption efficiency of pristine polymers could be augmented by functionalization with metals but this approach is limited by high production costs and leeching of metal ions during sorbent recovery (Nguyen et al. ) . The second constraint is the toxicity/biocompatibility of these polymers is largely unknown. Biopolymers are generally considered safe due to their polysaccharide nature and this caveat forms the basis for a dearth of systematic toxicity studies (Ramberg et al. ) . Nonetheless, this generalization is void since biopolymer structure and composition exhibit significant Our group has earlier reported the high affinity binding of phosphate with Acinetobacter EBP with possible applications in environmental monitoring (Kaur et al. a, b) . In a recent report, we have also reported phosphate removal in batch equilibrium studies and proposed a mechanism of phosphate binding (Kaur & Ghosh ) . In the current study, we report further characterization of EBP and its toxicity in a macrophage cell line and mouse lethality assay.
MATERIAL AND METHODS

Chemicals and media
All chemicals and media components used were purchased either from HiMedia (India) or other suppliers and were of the highest purity available.
Strain and culture conditions
Acinetobacter haemolyticus MG606 was grown in nutrient broth for routine subculturing. The strain was transferred to EBP production medium for extraction of EBP as described earlier (Kaur & Ghosh ) . Fourier transform infrared (FTIR) spectrum was recorded by the potassium bromide pellet method (Kaur & Ghosh ) . FTIR spectrum was deconvoluted using Peak-Fit software. 
Characterization of EBP
Cells and culture medium
Animals
Female Swiss mice weighing 20-30 g and aged 8-12 weeks old were acclimatized to 22 ± 3 W C; 30-70% relative humidity and 12 hour light/dark cycle for 7 days before commencing experimentation. These laboratory conditions were also maintained during the course of experimentation. Food and water were provided ad libitum during the entire course of study. All animal experimentation was performed at Venus Medicine Research Centre, Baddi, India.
In vivo toxicity
Precalculated amounts of EBP were separately dissolved in pyrogen-free saline to administer doses ranging from 60 to 140 mg/kg EBP. The EBP solutions of different concentrations were injected intraperitoneally to administer indicated doses. The dose range was selected on the basis of a preliminary sighting study performed with a wider dose range (data not shown). Body weight, rectal temperature, clinical signs of toxicity and mortality were observed for 7 days after administration of a single dose of EBP.
Gross necropsy was performed on the same day in animals that died during study and on day 7 in all surviving animals.
Statistical analysis
The dye absorbance (MTT formazon, safranin O and neutral red) and fluorescence intensity (DCF) in untreated cells (control) was considered 100% and absorbance in EBPtreated cells was converted to percentage of control. The data for all in vitro and in vivo parameters were converted to mean ± SD. The intergroup differences were compared by one-way analysis of variance (ANOVA) followed by Tukey's test.
RESULTS AND DISCUSSION
Characterization of EBP The presence of features at 1,032 and 875 cm À1 along with absence of peaks at 930 and 765 cm À1 therefore, suggests that (1,3)-and/or (1,6)-linked β-glucans constitute the major fraction. The features at 1,160 and 1,078 cm À1 were not discernible due to a broad shoulder with peak at 1,032 cm À1 . Therefore, the peaks in this region were resolved by deconvolution of FTIR spectrum. Deconvolution of peaks revealed presence of an additional peak at 1,072 cm À1 further confirming presence of (1,3)-and/or
(1,6)-linked β-glucans in EBP (Figure 1 ). ROS production in RAW 264.9 cells remained unaltered up to 400 μg/mL EBP while a significant increase, as evident by an increase in DCF fluorescence, was observed at 500 μg/mL EBP. A similar trend was also observed for nitrite production whereby nitrite production was stimulated only at the highest concentration (500 μg/mL EBP) in RAW 264.7 cells (Figure 4 ). Mitochondrial and lysosomal integrity was partially lost at 500 μg/mL EBP while no effect was observed at lower concentrations (Figure 4) . (Table 1) .
GCMS
Rectal temperatures were recorded at study initiation (0 min) and then at 30, 60, 90, 120, 180, 240 and 480 min.
The range of rectal temperature at 0 min was 35.8 ± 1 W C.
No change in rectal temperature was observed at the Data represent mean ± SD of surviving animals (n ¼ 4/group on day 0). a Not applicable (NA); only one animal survived. b Not recorded (NR) as all animals died. 
